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The increasing consumer demand for less processed and more natural food products – while improving those 
products’ quality, safety, and shelf-life – has raised the necessity of chemical preservative replacement. 
Biopreservation refers to extended storage life and enhanced safety of foods using the natural microfl ora and (or) 
their antibacterial products. Chitinolytic enzymes are of biotechnological interest, since their substrate, chitin, is a 
major structural component of the cell wall of fungi, which are the main cause of the spoilage of food and raw plant 
material. Among the several organisms, many bacteria produce chitinolytic enzymes, however, this behaviour is not 
general. The chitinase activity of the lactic acid bacteria is scarcely known and studied.
The aim of the present study was to select Lactobacillus strains that have genes encoding chitinase, 
furthermore, to detect expressed enzymes and to characterise their chitinase activity. Taking into consideration the 
importance of chitin-bindig proteins (CBPs) in the chitinase activity, CBPs were also examined. Five Lactobacillus 
strains out of 43 strains from 12 diff erent species were selected by their chitinase coding gene. The presence of the 
chitinase and chitin-biding protein production were confi rmed, however, no chitinolytic activity has been identifi ed.
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Biocontrol by lactic acid bacteria (LAB) is currently the principal alternative to preservatives 
in food (R  et al., 2016), and is widely studied because of the role and long history of use 
of LAB in fermented foods, their ability to produce antifungal metabolites (e.g. organic acids, 
hydrogen peroxide, diacetyl, bacteriocins), and their Generally Recognized as Safe (GRAS) 
and Qualifi ed Presumption of Safety (QPS) status in the USA and EU (B  et al., 2018). 
Lactic acid bacteria are safe to consume and during the processing they naturally dominate 
the microfl ora of many fermented foods.
Among spoilage microorganisms, fungi are major issue at any stage of the food chain 
from the postharvest storage of raw material till the end consumption of the processed foods, 
because of their ability to produce spores and grow in diff erent and even harsh environments. 
Biological control strategy involving microbial enzymes may address preservation of foods 
from fungal attack. The hydrolases and the oxidoreductases are playing relevant role in this 
regard. Cell walls of microorganisms act as the substrates for the hydrolases. Most of fungal 
cell wall hydrolases have chitinolytic activity.
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Bacterial chitinases generally consist of multiple functional domains such as: cathalytic 
domain, chitin-binding domain, and non-cathalytic domain (M  et al., 2013). The 
chitin-binding domain (CBD or chitin-binding module, CBM) helps in binding to insoluble 
chitin and increases substrate accessibility, CBMs may also occur as individual chitin-binding 
proteins (CBPs) without chitinase activity. Chitinases often work synergistically with these 
chitin-binding proteins (CBPs), which bind to the insoluble crystalline chitin, leading to 
structural changes and attaching the bacteria to the substrate and promoting the degradative 
actions of chitinases.
The LAB are widespread in the nature, but their ability to catabolise polisaccharides, as 
chitin, has not been extensively studied. L  and co-workers (2008) have studied 115 
strains from 29 species from the lactic acid bacteria group, among others from the genera 
Carnobacterium, Lactobacillus, Leuconostoc, and Weissella, and found chitinase activity by 
strains of only two Carnobacterium species. B  and co-workers (2009) investigated the 
cell surface proteins of the Lactobacillus plantarum 299v probiotic bacterium. Based on the 
resulting peptide masses, the authors identifi ed, among other proteins, a chitin-binding 
protein.
The present study focused on isolating and selecting chitinase producing LAB by the 
investigation of the genes encoding chitinases and the detection of the chitinase expression 
and their activity.
1. Materials and methods
1.1. Microorganisms
More than 40 strains, belonging to the Lactobacillus (L.) genera (strains from diff erent 
species, eg. acidophilus, casei, curvatus, delbrueckii, fermentum, rhamnosus, pentosus, 
plantarum, and sakei), were investigated. They were selected from diff erent sources, both 
from strain collections and also isolated from fermented foods in which LAB play an essential 
role, namely yoghurt, kimchi, and olive. Microorganisms from natural chitin-rich environment, 
mushrooms and insects, were also collected. For positive control a Serratia (S.) marcescens 
CSM-RMT-1 (grateful thanks to the Microbiology and Biotechnology Department of Faculty 
of Food Science, SZIU) strain was used. For negative control both for Lactobacillus 
indentifi cation and also for the chitinase activity Pseudomonas aeruginosa B 01687, Bacillus 
cereus ATCC 10702, and B. licheniformis ATCC 14580 strains were used.
1.2. Investigation of the presence of a chitinase coding gene
1.2.1. Bacterial DNA extraction. Bacteria were proliferated in de Man–Rogosa–Sharpe 
(MRS) broth, and then washed with 0.9% normal saline. The bacterial cell wall was digested 
at 37 °C for 30 min using lysozyme enzyme. Bacterial DNA extraction was performed 
according to the Wizard® DNA Clean-up System (Promega, Madison, Wisconsin, USA). 
The concentration and the purity of the isolated DNA were determined with Colibri instrument 
(Titertek-Berthold, Berthold Detection Systems GmbH, Pforzheim, Germany).
1.2.2. Identifi cation of Lactobacillus species. In order to confi rm that bacteria belong to 
Lactobacillus genus we applied a DNA based molecular biological method using Lactobacillus 
primer pairs IFL (5’-AGAAGAGGACAGTGGAAC-3’) and IFR (5’-TTACAAACTCT 
CATGGTGTG-3’) designed by S  and R  (2008). PCR reactions were performed in 
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3 parallel measurements accomplished using a Biometra TOne (Analytik Jena AG, Jena, 
Germany) gradient PCR instrument.
1.2.3. Detection of chitinase gene. The presence of the chitinase gene was detected by 
using two diff erent primer pairs. First, PCR amplifi cation was performed according to 
L  and co-workers (2008) using chiAF (5’-ACCCTTCCCACTTTCAAGCC-3’) and 
chiAR (5’-ATATGAGCGTCAGCTCCTCC-3’) primers derived from the L. lactis subsp. 
lactis IL1403 chiA gene. Then chiFEMSF (5’-GATATCGACTGGGAGTTCCC-3’) and 
chiFEMSR (5’-CATAGAAGTCGTAGGTCATC-3’) primers designed by R  and co-
workers (2000) were applied. These primer pairs were designed for PCR amplifi cation of 
chiA gene fragments by alignment and selection of highly conserved regions of several chiA 
genes from diff erent microorganism sequences (GenBank accession numbers are: S. 
marcescens X03657, Z36294; Alteromonas sp., D13762; B. circulans, M57601, and 
Aeromonas caviae, U09139). PCR results were evaluated by a FlashGel ™ (Lonza Group 
Ltd.) electrophoresis device.
1.3.  Identifi cation of chitinase and chitinase homologous proteins by immunoblot 
and HPLC techniques
1.3.1. SDS-PAGE and Western blots. One of the representative peptide sequences of the 
chitinase enzyme protein originating from Trichoderma hamatum, posteriorly named as 
Thamchi peptide (20-mer, Mw: 2276 Da: Lys Ala Asn Arg Asn Leu Lys Val Met Leu Ser Ile 
Gly Gly Trp Thr Trp Ser Thr Asn), was sequenced and used as antigen to produce polyclonal 
antibody in rabbit. The Thamchi peptide-specifi c polyclonal antibody was prepared by 
subcutaneous immunisation in Hungarian wild rabbits and purifi ed to IgG antibodies. The 
electrophoretic separation was performed using a 4% stacking gel and a 12% resolving gel. 
After electrophoresis, gels were either stained with Coomassie brillant blue or 
electrophoretically transferred to PVDF membranes. The immune-reactive proteins were 
identifi ed by immunblot technique using Thamchi peptide-specifi c rabbit IgG serum.
1.3.2. High-performance liquid chromatography (HPLC). Supernatants of S. marcescens 
and L. acidophilus N2 and purifi ed chitinase (Streptomyces griseus, Sigma) used as standards 
were injected on a C18 column (4.6 × 250 mm, Jupiter® 300–5, Phenomenex) in a HPLC 
system (Shimadzu LC-20AD – DG-20A using ECOM Flash 14 DAD UV detector). The 
separation was performed according to the method of L  B  and co-workers (2011).
1.4. Chitin-binding protein (CBP)
1.4.1. Extraction of cell surface proteins. Cell surface proteins were extracted according to 
B  and co-workers (2009) with minor modifi cation. Selected strains were grown on MRS 
medium for two days and then centrifuged (4300 r.p.m., 15 min). The precipitate was washed 
with 1 ml PBS and then centrifuged again (6000 r.p.m., 10 min). The precipitate was 
suspended in 1 ml of 0.2% CHAPS (3-[(3-Cholamidopropyl) dimethylammonio]-1-
propanesulfonate) in PBS and stirred for 1 h. After centrifugation (8000 r.p.m., 20 min), the 
supernatant was used for further assays.
1.4.2. CBP assay. The chitin-binding proteins were separated according to I  and 
co-workers (2001) with minor modifi cations. Six Lactobacillus strains were cultured for two 
days at 37 °C in MRS medium and centrifuged (14 000 r.p.m., 5 min). One and a half 
millilitres of the supernatant was added and shaked for 1 hour at room temperature. After 
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extraction, the solution was centrifuged (14 000 r.p.m., 5 min). The precipitate was washed 
four times with physiological saline solution and centrifuged (14 000 r.p.m., 5 min). After 
centrifugation the precipitate was analysed by SDS-PAGE.
1.5. Determination of chitinase activity
1.5.1. Microbiological method. Chitinolytic activity of Lactobacillus strains was investigated 
according to L  and co-workers (2008) on basic chitin medium (BCM) (tryptone 1% 
(w/v), yeast extract 0.5% (w/v), NaCl 1% (w/v), agar 1.5% (w/v), and chitin 0.25% (crab 
shell). Cell suspension aliquots (20 μl) were dropped onto the surfce of BCM agar and 
incubated at 30 °C for up to 1 week, the presence of clearing zones around colony indicates 
chitinase activity. This study was done with colloidal chitin (prepared according to L  and 
co-workers (2014)) also instead of crude chitin, since the colloidal chitin is more soluble and 
accessible, induces chitinase production, and it is hidrolised by bacterial chitinases more 
rapidly.
1.5.2. Chitin azure chitinase assay. In this study, chitinase activity was determined by 
spectrophotometry according to the method of T  and co-workers (2001) using chitin 
azure (CA), chitin covalently coupled with the Remazol brillant violat 5R dye, as substrate. 
One enzyme unit was defi ned as a change in the optical density at 570 nm (ΔOD570) of 1.0 in 
24 h.
2. Results and discussion
2.1. Detection of chitinase gene
2.1.1. Identifi cation of Lactobacillus sp. by PCR-techniques. The results of PCR reactions 
with Lactobacillus specifi c IFL-IFR primer pairs show that non-Lactobacillus bacteria gave 
no or only a slight signal, whereas all Lactobacillus from the strain collection gave strong 
signals. PCR amplifi cation of bacterial strains isolated from food samples gave strong 
fragment band except for only one sample, so these strains belong to the Lactobacillus genus 
also.
2.1.2. Detection of chitinase gene. Our results show that we could get strong, 119 bp 
amplifi ed fragments by the adapted chiAF/chiAR primer pair in case of two microorganisms 
(L. acidophilus N2, L. delbrueckii subsp. bulgaricus B397), which means that these samples 
hold the chitinase gene. At the same time, slight fragment-bands could be detected due to 
inadequate primer binding or the presence of other chitinase gene haplotypes (Fig. 1).
In case of the control S. marcescens, 225 bp length fragment band amplifi ed by the 
adapted chiFEMSF / chiFEMSR primer was obtained. Contrarily, in our experiments with 
the 41 Lactobacillus strains, only many non-specifi c fragment bands were amplifi ed, so we 
concluded that the chiFEMSF / chiFEMSR primer pair is not suitable for the identifi cation of 
Lactobacillus chitinase gene (Fig. 2). The detected chitinase gene from the Serratia strain is 
not equal (at least in nucleotide composition) to the chitinase gene identifi ed in the 
Lactobacillus strains by chiAF / chiAR primers (Fig. 3). The presence of chitinase-coding 
genes in Lactobacillus strains has been a less researched fi eld as the occurrence of the 
chitinase gene in Lactobacillus strain is very rare, not so characteristic.
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Fig. 1. PCR results using ChiA primer pair: M: DNA marker; 1: Lactobacillus sp. 2231; 2: L. pentosus 1727; 
3: L. sakei subsp. sakei 2471; 4: L. plantarum 2391; 5: L. buchneri 1145; 6: P. aeruginosa; 7: B. cereus; 
8: B. licheniformis 1/1 10 ng/μl; 9: B. licheniformis 1/2 20 ng/μl; 10: L. acidophilus N2; 
11: L. delbrueckii subsp. bulgaricus B397; 12: L. plantarum 2142
Fig. 2. PCR results using ChiFEM primer pair: M: DNA marker; 1: Lactobacillus sp. 2231; 2: L. pentosus 1727; 3: 
L. sakei subsp. sakei 2471; 4: L. plantarum 2391; 5: L. buchneri 1145; 6: P. aeruginosa; 7: B. cereus; 
8: B. licheniformis 1/1 10 ng/μl; 9: B. licheniformis 1/2 20 ng/μl; 10: L. acidophilus N2; 
11: L. delbrueckii subsp. bulgaricus B397; 12: L. plantarum 2142
Fig. 3. Comparing the PCR results using chiA and chiFEM primer pairs: M: DNA marker; 1–4: S. marcescens 
strains; 5: L. acidophilus N2; 6: L. delbrueckii subsp. bulgaricus B397; 7–10: S. marcescens strains; 
11: L. acidophilus N2; 12: L. delbrueckii subsp. bulgaricus B397; 1–6: chiA primer; 7–12: chiFEM primer
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2.2.  Identifi cation of chitinases and chitinase homologous proteins by immunoblot 
and HPLC techniques
The protein composition of L. rhamnosus GG as no chitinase coding gene possessing negative 
control, fi ve selected Lactobacillus strains, and S. marcescens were analysed by SDS-PAGE 
(Fig. 4A). After electrophoresis, the proteins were subjected to Western blotting, and the 
chitinases were identifi ed with Thamchi peptide-specifi c rabbit IgG serum. The chitinase of 
S. marcescens showed antigenic response at approximately 30 kDa (Fig. 4B). No chitinase 
bands were detected in LAB samples.
Fig. 4. SDS-PAGE (A) and Western blot (B) (using Thamchi peptide-specifi c rabbit IgG serum) of bacterial 
samples: 1: MW; 2: L. rhamnosus GG (negative control); 3: L. acidophilus N2; 4: L. delbrueckii subsp. bulgaricus 
B397; 5: Lactobacillus sp. 2231; 6: L. sakei subsp. sakei 2471; 7: L. buchneri 1145; 8: S. marcescens (control)
We determined the chromatographic profi le of S. marcescens and L. acidophilus N2. 
Chitinases from Streptomyces griseus (Sigma) were loaded on the C18 column, and the 
proteins were eluted with an increasing acetonitrile gradient (Fig. 5A). The proteins of 
supernatants of S. marcescens and L. acidophilus N2 were concentrated by ammonium-
sulphate precipitation and redissolved in solvent A. The protein profi les of S. marcescens 
(Fig. 5B) and L. acidophilus N2 (Fig. 5C) presented the same peaks that were observed on 
the chromatogram of purifi ed chitinases at the detection time 22.6 and 27 min.
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Fig. 5. HPLC (C18) profi le for the chitinases from Streptomyces griseus (A); the supernatant of S. marcescens (B) 
and the supernatant of L. acidophilus N2 (C)
2.3. Surface-associated proteins from selected Lactobacillus strains
CBP proteins can play an important role in the degradation of chitin by being able to bind 
directly to chitin. In the case of L. plantarum, extracellular proteins have been identifi ed 
(S  et al., 2011) that are capable of binding to mucin in vitro, and some of them have 
been found to contain a chitin-binding domain. The extracted surface-associated proteins 
from the PCR-selected Lactobacillus strains were analysed by SDS-PAGE (Fig. 6). The 
examined strains showed slightly diff erent protein profi les. In case of each tested strain an 
intensive protein band was found at 40 kDa, where chitin-binding protein was identifi ed 
according to the results of B  and co-workers (2009) as well.
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Fig. 6. SDS-PAGE of surface-associated proteins from Lactobacillus strains: 1: MW; 2: L. plantarum 299v; 
3: L. acidophilus N2; 4: L. delbrueckii subsp. bulgaricus B397; 5: L. buchneri 1145; 6: Lactobacillus sp. 2231; 
7: L. sakei subsp. sakei 2471
2.4. Chitin-binding proteins from selected Lactobacillus strains
After proliferation of the examined Lactobacillus strains, the binding of the supernatant 
proteins to colloidal chitin was studied by SDS-PAGE separation (Fig. 7). The detectable 
protein bands were obtained at 29–33 kDa molecular weight range (N2, 299v, 1145, 2231, 
and 397) – except in the case of 2471 strain – and at 40–43 kDa.
Fig. 7. SDS-PAGE of chitin-binding proteins from the supernatant of Lactobacillus strains: 1: MW; 
2: L. plantarum 299v; 3: Lactobacillus sp. 2231; 4: L. sakei subsp. sakei 2471; 5: L. buchneri 1145; 
6: L. delbrueckii subsp. bulgaricus B397; 7: L. acidophilus N2; 8: MRS; 9: S. marcescens
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2.5. Chitinase activity assays
2.5.1. Microbiological method. None of the tested Lactobacillus strains showed clearing 
zones, which means they did not hidrolyse the chitin substrate in the BCM media, either in 
case of the crude or the colloidal chitin. To ensure the optimal medium conditions, the assay 
was done on MRS, the specifi c media for lactobacilli, where the glucose was substituted with 
colloidal chitin, since in case of some bacteria glucose inhibits the transcriptions of chitinase 
gene (B  et al., 2018). We have tried to induce the chitinase activity with the changing of 
diff erent environmental parameters, since the expression of the chitinolytic activity in bacteria 
is infl uenced by several parameters, eg. concentration of the chitin substrate, presence of 
sugars, the nitrogen source, the temperature and time of the incubation, and the pH of the 
medium (K  et al., 2017). For this reason the induction eff ect of the concentration of 
chitin, glucose, pepton, yeast extract, ammonium sulphate, ammonium chloride and the 
temperature and pH were investigated on the expression of chitinase activity. Nevertheless, 
chitinolytic activity was not detected in any chitin containing medium or due to changes in 
the environmental parameters.
2.5.2. Chitin azure chitinase assay. Chitin azure chitinase assay was performed to 
measure the chitinase activity of the positive control S. marcescens and the selected 
Lactobacillus buchneri L1145 holding chitinase coding gene. One enzyme unit was defi ned 
as a change in the optical density at 570 nm (ΔOD570) of 1.0 in 24 h. The calculated value of 
the enzyme activity of S. marcescens was 0.68 U. No chitinase activity was detected for 
Lactobacillus buchneri L1145.
Despite that chitinase coding gene, proteins similar to the bacterial chitinases in 
molecular weight and separation properties, and chitin biding proteins were detected from 
fi ve Lactobacillus strains, neither the microbial method, nor the chitin azure assay showed 
any chitinolytic activity of these strains. Numerous organisms including plants, invertebrates, 
and higher animals express genes encoding so called chitinase-like proteins (they are called 
also chi-lectins), which show homology to family 18 chitinases, but lack enzymatic, catalytic 
activity, however, have the ability to bind chitin (S   P , 2004; A   
F , 2013). Chitinase-like proteins are structurally homologous to chitinases, so their 
dissimilarity can be observed only by the presence or absence of their catalytic activity. 
According to our results, the proteins produced by the strains possessing the chitinase coding 
gene could be the members of chitinase-like proteins. However, these chitinase-like proteins 
lack the essential catalytic activity, they have several, among others regulatory functions, but 
their role in the bacteria, especially in lactobacilli is still not completely known.
3. Conclusions
The majority of the large numbers of reports on antimicrobial activity of LAB have focused 
on antibacterial eff ects, while studies on antifungal eff ects are few (M  et al. 2003). 
Many bacteria have been shown to produce chitinases, and although most appear to be under 
tight control of expression, the mechanisms involved in the control of expression are poorly 
understood. In this study, we have selected Lactobacillus strains (L. acidophilus N2, L. 
delbrueckii subsp. bulgaricus B397, L. sp. 2231, L. sakei subsp. sakei 2471, and L. buchneri 
1145), which are suitable for producing chitin-degrading enzymes according their genetic 
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information. Proteins with similar molecular weight and separation properties like bacterial 
chitinases were detected from the selected strains, which possess also chitin binding property, 
nevertheless they were inactive, lacking the chitinolytic activity. These properties presume 
that the purifi ed proteins are the members of chitinase-like proteins, which show homology 
to chitinases, but they are devoid of chitin degradation activity. The chitinase-like proteins 
from mammals (YKL-40), insects (IDGF3), and even from plants (CTL1) have been 
thoroughly investigated recently, but the information on bacterial chitinase-like proteins is 
scarce. However,studies on the chitinase of Lactobacillus strains are also rare. According to 
our best knowledge, this is the fi rst report on the presence of chitinase-like proteins in 
Lactobacillus.
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